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(54) VULCANIZATION METHOD AND APPARATUS 



(57) Relates to a vulcanizing method and a vulcan- 
izing apparatus suitable for producing a large number of 
molding products such as power transmission belts. 
Provides a method and a system for assuring a con- 
stant heat history of the molding products from the 
beginning of heating in the vulcanizing process till the 
completion of cooling. 



The molding products (X) are transported in 
sequence and in one direction through plural vulcaniz- 
ing stages (B1 , B2, B3 and B4), which is derived by 
dividing the vulcanizing process according to the times 
elapsed, to vulcanize them, and in succession the mold- 
ing products (X) are transported in sequence and in one 
direction to the cooling stages (E1, E2) to cool them. 
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Description 
Technical Field 

The present invention relates to a vulcanizing 
method and a vulcanizing apparatus suited for produc- 
ing, in large number, varied molding -products such as 
power transmission rubber belts (or slabs for belts 
before slicing). 

Packground Technology 

Power transmission rubber belts (or slabs) are pro- 
duced by molding materials such as rubber and core 
then vulcanizing to develop strength. Vulcanization is a 
process which is effected by heating to and keeping rub- 
ber, etc. at a desired temperature while applying an 
appropriate pressure, and to produce, for example, the 
above-mentioned rubber belts, etc. of a certain quality, it 
is necessary to keep constant the heat history during 
vulcanisation or the temperature of the molding product 
from the beginning of heating till the end of cooling and 
the time for keeping the molding product at said temper- 
ature. 

With regard to a system for vulcanization, the so- 
called vulcanizer shown in. Fig. 7 has been traditionally 
used up to the present. A molding product X such as a 
slab, which is the material of power transmission rubber- 
belts, is molded on a cylindrical mold 1 , then covered in 
tact with a rubber sleeve 12', placed in a vulcanizer 10', 
and vulcanized by the heat and the pressure of high- 
temperature steam introduced into the space of the vul- 
canizer 10* and the inner space of the mold 1 . When the 
vulcanization is completed, the molding product X will 
be taken out of the vulcanizer 10' and cooled together 
with the mold 1. 

A conventional system for efficiently vulcanizing a 
large number of molding products such as slabs for 
power transmission belts is, for example, one shown in 
. Fig. 8. It is a system wherein plural sets of a vulcanizing 
vessel 10' such as the above-mentioned vulcanizer and 
a valve stand 4' are arranged, and robots 8' and 9' are 
used to shift molding products X and molds 1 among 
said sets, a molding machine 3', a cooling machine 5', a 
mold separating machine 6' and a mold exchanging 
machine 7'. A molding product X is inserted by the robot 
8* into one of the vulcanizing vessels 10' together with 
the mold 1 , and when the vulcanization is completed 
inside the vessel 10', the molding product X will be 
taken out by the robot 8* and put into the cooling 
machine 5*. In the case of the vulcanizer 10' of Fig. 7, it 
is cumbersome to put on and put off the rubber sleeve 
12', and when the molding product X is a slab, steam 
due to degradation, etc. of the sleeve 12* may easily 
contact the slab and cause various troubles, hence in a 
new system such as one shown in Fig. 8, a jacket-like 
vulcanizing vessel 10 of Fig. 6, having a dedicated 
inflatable sleeve (bladder or bag) on the interior thereof, 
may be used in stead of the vulcanizer 10'. It has a rub- 



ber sleeve 1 2 on the interior of the cylindrical casing 1 1 , 
which sleeve will swell inwardly, when steam etc. is 
introduced, to contact the molding product X on the 
mold 1 (the entirety may be called a gasket; please refer 

5 to Japanese Provisional Patent Publication HEI-3- 
143608). When the mold 1 and the molding product 
(slab) X is placed inside and then high-temperature 
steam is introduced into the sleeve 12, the sleeve 12 will 
swell inwardly to contact the molding product X to give 

to heat and pressure; thus vulcanization will proceed. 

Another means for efficiently vulcanizing molding 
: products is one described in the Japanese Provisional 
Patent Publication HEI-4-212818. In contrast to the sys- 
tems of Fig. 7 and Fig. 8, the vulcanizing vessels are not 

is present in any constant locations; the vessels shifts 
through plural vulcanizing stages, which are divided 
according to the times elapsed, to vulcanize the molding 
products. This means accomplishes efficient vulcaniza- 
tion of a large number of molding products by dividing 

20 the vulcanizing process, which is much more time-con- 
suming relative to the molding process, into plural vul- 
canizing stages or plural stages corresponding to the 
times elapsed, and shifting the vulcanizing vessels 
holding the molding products and molds therein 

25 sequentially and in one direction through these stages. 
It is rather hard to say that, in any of the conven- 
tional vulcanizing systems, due considerations have 
been given to stabilize the quality of molding products to 
be vulcanized through assurance of a constant heat his- 

30 tory. This will be explained as follows. 

For example, in the case of the vulcanizer 10' 
shown in Fig. 7, in the process of heating (vulcanizing) 
the molding product X by introducing steam, it is possi- 
ble to make the heat history constant through the con- 

35 trol of the conditions of the steam, but there is no 
functions for controlling the temperature during the cool- 
ing stage. As the vulcanizer 1 0' has a considerable heat 
capacity, a high temperature condition will continue to 
be present inside thereof, hence the molding product X 

40 will continue to be heated unless it is quickly taken out 
of the vulcanizer 10'. Accordingly, when, for example, 
the vulcanizing process is completed during a rest time .- 
of the workers and the molding product X is left to stand, 
the molding product X will be overcured (state of exces- 

45 sive vulcanization); this is so-called thermal degradation 
causing low quality. 

The vulcanizing system of Fig. 8 is significant in that 
the processes including vulcanization are automated by 
robots 8' and 9', etc. However, to achieve a constant 

so heat history of the molding products X, it is necessary to 
use more sophisticated control devices and compli- 
cated programing, and this is disadvantageous in terms 
of cost and handling. After the completion of the vulcan- 
izing process the molding product X and the mold 1 

55 must be taken out of the vulcanizer 10' without delay 
and transferred into the cooling machine 5\ and after a 
sufficient cooling it must be taken out of the cooling 
machine 5'; it, however, is not easy to properly deter- 
mine, for example, the sequence and the timing of tak- 



2 



3 



EP0743153A1 



4 



ing out plural vulcanizers 10\ one at a time, and which 
vulcanizers 10' have been cooled sufficiently in the cool- 
ing machine 5\ hence a considerable array of equip- 
ment and software are required for controlling the 
sequence and the timing of removal. 

With this regard, as the means of the Japanese 
Provisional Patent Publication HEI-4-212818 regularly 
transfer molding products, etc. In sequence (namely, in 
the order of receiving the vulcanizing process) through 
plural vulcanizing stages, if the molding products, etc. 
are taken out in the order of being transferred, the vul- 
canizing process can be completed at an appropriate 
time. The heat history of the molding products till the 
completion of cooling can not necessarily be made con- 
stant by the technology of said Publication alone. For 
example, if the mold and the molding product are large 
in size, unless forced cooling is started promptly, the 
molding product will continue to be under the high tem- 
perature condition due to their own heat capacities. In 
particular, if a rest period for the workers may occur dur- 
ing vulcanization as is the case mentioned above, 
unless the workers in charge are demanded to do extra 
work, the heat histories of the molding products will be 
varied significantly. 

The objective of the present invention is to provide 
a vulcanizing method and a vulcanizing apparatus suit- 
able for production of a large number of molding prod- 
ucts, wherein the heat history of the molding products is 
kept constant from the beginning of heating in the vul- 
canizing process till the end of cooling. 

Disclosure of the Invention 

The vulcanizing method described in Claim 1. of the 
present invention comprises transporting molding prod- 
ucts in sequence and in one direction through plural vul- 
canizing stages, which are derived by dividing the 
vulcanizing process according to the times elapsed, to 
vulcanize the molding products and then transporting 
the molding products to a cooling stage (or plural cool- 
ing stages) in sequence and in one direction to cool the 
molding products. 

According to this method of Claim 1, with regard to 
the vulcanizing process, the course and the terminating 
time thereof are optimized by transporting the molding 
products in sequence and in one direction in a similar 
manner to that of the above-mentioned Japanese Provi- 
sional Patent Publication HEI-4-212818, and moreover, 
with regard to the cooling process, the molding products 
which completed the vulcanizing process are continued 
to be transported in sequence through a cooling stage 
(cooling step) to cool the molding products by force so 
as to prevent overcure due to the heat capacities (resid- 
ual heat) of the molding products and the molds and 
assures a constant heat history till the end of cooling. 
As far as the molding products are regularly transported 
in sequence and in one direction to the cooling stage, 
any molding products can not be taken out. by mistake, 
of the cooling stage too early, thus each of the molding 



products is given with the same cooling. Furthermore, 
as the most time-consuming vulcanizing process is 
divided into plural vulcanizing stages, and the molding 
products are continuously transported in sequence and 

5 in one direction through the vulcanizing process includ- 
ing the cooling stage, molding products of a constant 
quality can be produced because of the above-men- 
tioned reason, and moreover, it is also possible to 
improve the productivity of the molding products itself. If 

7 0 other necessary processes such as the mold separating 
process, the process of applying mold lubricant to mold 
and the molding process are included in the single path 
to circulate the molding products, etc., regular flow pro- 
duction will allow efficient production of a large number 

15 of molding products. If the process of cooling and other 
processes take much time, such processes may be 
divided into plural stages just like the vulcanizing proc- 
ess to prevent the molding products from staying in a 
specific part or parts. 

20- According to this vulcanizing method, as described 
in Claim 2, it is preferred that, even when no new mold- 
ing products are fed to the first vulcanizing stage, the 
molding products heated in the first vulcanizing stage 
. and in the following vulcanizing stages are transported 

25 as usual Gust like the case when molding products are 
fed to the first vulcanizing stage) till they are cooled in 
the cooling stage. 

According to the method of Claim 2, even when 
there is a rest time, etc. during vulcanization, the heat 

30 history of the molding products can be kept constant 
without relying on extra work of the workers. The reason 
is that, according to this method, any molding product 
which begin to receive heating in the first vulcanizing 
stage being at the most upstream point of the vulcaniz- 

35 ing process is always transported down to the cooling 
stage to complete cooling. The processes of transport- 
ing the molding products, even when the workers are 
not attending, to the following vulcanizing stages as 
usual, and further of transporting the molding products 

40 to the cooling stage as usual can be automated without 
. any special difficulties. 

Moreover, as described in Claim 3, cylindrical mold- 
ing products may be molded by using cylindrical molds 
and, together with the molds, put into cylindrical vulcan- 

45 izing vessels, transported through the respective vul- 
canizing stages, and, together with the molds, taken out 
of the vulcanizing vessels, transported to the cooling 
stage and, after cooling, separated from the molds; if it 
is necessary to change a mold and a vulcanizing vessel, 

so a protruding pin may be attached on the axial end of 
said mold during the use immediately before the change 
(for example, when used for molding), and after the vul- 
canization, when the molds taken out of the vulcanizing 
vessels are transported, if the presence of the pin is 

55 detected, the mold after separation of the molding prod- 
uct and the corresponding vulcanizing vessel can be 
replaced. 

According to the vulcanizing method of Claim 3, 
exchange of molds and vulcanizing vessels (so-called 
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die change), when needed, can be made with ease and 
efficiency as will be described below, without the use of 
any expensive control devices. When a mold and a vul- 
canizing vessel must be exchanged due to, for example, 
a change in the size of a molding product, a protruding 5 
pin is attached to the axial end of the mold during the 
use of the mold immediately before the exchange of the 
mold. The fact that the use of the mold is one immedi- 
ately before an exchange may be indicated to the work- 
ers, for example, before the start of molding process, by w 
a written production order, etc., and "rf a screwed type 
pin is attached to said production order, the above-men- 
tioned processes can be made correctly without ease. 
Next, when molds which have been taken out of the vul- 
canizing vessels are transported, the presence or 75 
absence of the above-mentioned protruding pin on each 
mold is detected. If the cylindrical molds are transported 
in an upright position with the protruding pin mounting 
position being set at the top. the presence or absence of 
the pin can be easily detected by a conventional limit 20 
switch, etc. When a mold is detected to have a pin, the 
detection signal will be received, and the corresponding 
vulcanizing vessel will be exchanged, and the mold after 
the recovery of the molding product will be exchanged. 
As far as the above-mentioned detection signal is fol- 25 
lowed, there will be no need of judging whether a mold 
and a vulcanizing vessel must be exchanged, hence the 
required exchange can be made easily by means of a 
conventional automatic operating means not including 
any special control devices. If this exchange work is to 30 
. be done manually, clear notification of the detection 
results to the workers will eliminate mistakes such as 
ones called "pokamisu" (careless mistakes). 

The vulcanizing apparatus described in Claim 4 of 
the present invention comprises a) plural vulcanizing 35 
vessels, b) an inserting means for placing a molding 
product together with a mold in each vulcanizing vessel, 
c) plural vulcanizing stages arranged to feed a high- 
temperature fluid into each vulcanizing vessel, d) a con- 
veying means for vulcanization which transports the vul- 40 
canizing vessels in sequence and in one direction 
through these vulcanizing stages, e) a taking out means 
for taking the molding product together with the mold 
out of each vulcanizing vessel, f) a cooling stage for 
feeding a cooling medium into each mold taken out of a 45 
vulcanizing vessel, g) a conveying means for cooling 
which transports the molding products together with 
their molds in sequence and in one direction to the cool- 
ing stage, and h) a mold separating means for separat- 
ing the molding product from the mold. so 

The vulcanizing apparatus described in Claim 4 is 
an apparatus to be used directly for the embodiment of 
the vulcanizing method of Claim 1, and works as 
described below: First, when a molding product is 
molded on a mold, the inserting means will place the 55 
molding product together with the mold in a vulcanizing 
vessel. The conveying means for vulcanization will 
transport such vulcanizing vessels in sequence and in 
one direction. Along the conveying path of the convey- 



ing means for vulcanization, plural vulcanizing stages 
are arranged, and each stage feed a high-temperature 
fluid (such as steam) into each vulcanizing vessel to 
advance in sequence the divided vulcanizing proc- 
esses. When the vulcanizing process is completed after 
passage through the necessary vulcanizing stages, the 
taking out means will take the molding product together 
with its mold out of the vulcanizing vessel. In succes- 
sion, the conveying means for cooling transports the 
mold taken out in sequence and in one direction to the 
cooling stage. The cooling stage feeds a cooling 
medium into the mold to cool by force the molding prod- 
uct. When the cooling is completed, the mold separating 
means will separate the molding product from the mold 
to recover ^the molding product, As described above, 
through the regular transport through the respective vul- 
canizing stages and the cooling stage in sequence and 
in one direction, the molding products are subjected to 
a constant heating and cooling or a constant heat his- 
tory to acquire a stable quality. 

For this vulcanizing apparatus, as described in 
Claim 5, it is desirable that a vulcanizing vessel to be 
used is provided with a bag (sleeve) which swells 
inwardly, when a high-temperature gas is introduced, to 
contact the molding product on the surface of the mold, 
and with two vent ports connected to the bag (one inlet 
port and one exhaust port for . high-temperature gas), 
and that near the above-mentioned inserting means or 
the taking out means a vacuum suction port and a 
blocking plate are provided to be pressed against and 
connected to these vent ports, respectively, as the vul- 
canizing vessel is shifted by the conveying means for 
vulcanization. 

The vulcanizing apparatus of Claim 5 is also used 
in embodiment of the method of Claim 1 , and in particu- 
lar, the apparatus can easily insert the mold (with the 
molding product) into the vulcanizing vessel and 
remove the mold from the vulcanizing vessel. The vul- 
canizing vessel is one having a bag (sleeve) as shown 
in Fig. 6, and as the vulcanizing vessel is shifted, a vac- 
uum suction port and a block plate are automatically 
connected to the two vent ports connected to the bag 
(see Fig. 2). Hence there is no need of. manually or by 
a special driving mechanism, operating the vacuum 
suction port and the block plate. After they are con- 
nected, the air is exhausted from the bag through the 
vacuum suction port, then the bag will shrink and the 
vulcanizing vessel can be freely inserted or taken out. 

Brief Description of the Drawings 

Fig. 1 (a) is a conceptual diagram showing the over- 
all process flow of a vulcanizing apparatus being an 
embodiment of the present invention and the schematic 
jayout of the respective components thereof. Fig. 1 (b) is 
a schematic diagram showing a state of the vulcanizing 
system which was automatically operated after no new 
molding products were fed to the first vulcanizing stage 
(B1) and then stopped later. 
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Fig. 2 is a plan view showing specific means for 
connection between the vacuum suction port and block 
plate and the vulcanizing vessel, and is a detailed view 
of the part II of Fig. 1 (a). 

Fig. 3 is an example of time charts showing the pat- 
terns of heating and pressurization given in sequence 
by the respective vulcanizing stages, being the divided 
vulcanizing processes,, to the respective vulcanizing 
vessels. 

Fig. 4 is an overall layout diagram showing a vul- 
canizing apparatus etc. being another embodiment of 
the present invention. 

Fig. 5 (a) is a schematic diagram showing the nor- 
mal operating state of the apparauts of Fig. 4, and Fig. 
5 (b) is a schematic diagram showing the state of the 
apparatus which was automatically operated after no 
new molding products were fed to the first vulcanizing 
stage (B1) and stopped later. 

Fig. 6 is a vertical sectional view showing the state 
of the mold having the molding product oh the side 
thereof in the vulcanizing vessel. 

Fig. 7 is a vertical sectional view of the vulcanizer 
being a conventional vulcanizing system, together with 
a mold and a molding product. 

Fig. 8 is a plan view showing a conventional 
another system used for efficiently vulcanizing a large 
number of molding products. 

Best Forms for Embodying the Invention 

One embodiment of the present invention is shown 
in Fig. 1 through Fig. 3. This embodiment is a system 
wherein molding products X being intermediate prod- 
ucts (slabs) for power transmission rubber belts are 
molded on the side of cylindrical molds 1 shown in Fig. 
6, the molding products X are vulcanized by using the 
vulcanizing vessels 10 as shown in the diagram, and the 
molding products X are cooled to recover them. The vul- 
canizing vessel 10 is, as explained above, of a type 
called gasket, which has an inflatable rubber sleeve 
(bladder) 12 on the interior of a cylindrical casing 11. 
The molding product X is inserted together with the 
mold 1 as shown in the diagram, and the inlet port 1 1 a 
and the exhaust port 11b are used to introduce high- 
temperature steam into the space between the casing 
11 and the sleeve 12, then the sleeve 12 will swell 
inwardly as shown in the diagram to contact the molding 
product X on the mold 1 to give heat and pressure to 
promote vulcanization. 

Fig. 1 (a) is a conceptual diagram showing the flow 
of a series of processes of the entire vulcanizing appa- 
ratus and the schematic arrangement of means for the 
respective processes. In the diagram, on the far left is a 
molding stage A which performs the molding process, 
and to the right of it, follow vulcanizing stages B1. B2, 
B3 and B4 for promoting the vulcanizing process in 
steps. On the right end is a mold taking out stage C1 , 
from which extends a circulatory path D for the vulcan- 
izing vessels 1 0 in one direction (upward in the diagram: . 



counterclockwise), and follow a feeding stage C2 of 
mold conveying bases 2, cooling stages E1 and E2 for 
molds 1 and molding products X, a mold separating 
(separation and recovery) stage F for molding products 

5 X, a mold lubricant applying stage G for molds 1 and a 
standby stage H in the other direction (downward in the 
diagram; clockwise); both the sides meet at the vulcan- 
izing stage B1. Thus the vulcanizing vessels 10 circu- 
late in the upper half of the diagram counterclockwise, 

10 and the molds 1 (and the molding products X) are trans- 
ported in the lower half of the diagram clockwise, and 
they are in one in the vulcanizing stages B1 , B2, B3 and 
B4 at the center and they travel in sequence. 

The transportation of the vulcanizing vessels 10 

is and the molds 1 through the vulcanizing stages B1 , B2, 
B3 and B4 is effected by the conveying means for vul- 
canization such as conveyors or carts (not illustrated), 
and the transportation of the molds 1 , etc. through the 
cooling stages E1 and E2 is effected by similar convey- 

20 ing means for cooling (not illustrated). Other, portions 
are also provided with similar conveying means but ail of 
them are not illustrated. To transfer the mold.1 from the 
standby stage H to the molding stage A, and to insert 
the mold 1 from the molding stage A into the vulcanizing 

25 vessel 10 on the vulcanizing stage B1, an inserting 
means such as a crane (not illustrated) is provided, and 
to take the mold 1 out of the vulcanizing vessel 10 on 
the taking out stage C1 , a similar means for taking out 
(not illustrated) is provided. Moreover, to exchange the 

30 molds 1 and to feed the bases 2, carts 43 and 44 are 
provided, respectively, and to exchange the vulcanizing 
vessels 10, a cart 46 and a cart 47 are provided. 

In this vulcanizing apparatus, while the respective 
vulcanizing vessels 10 are conveyed in sequence 

35 through four vulcanizing stages B1, B2, B3 and B4, the 
molds 1 and the molding products X are subjected to 
the heating and the pressurization shown in Fig. 3 at the 
respective stages, and when one molding product have 
passed all of these stages, the required vulcanizing 

40 process of the molding product is completed. The stage 
B1 is a stage for preheating the stages B2 and B3 are 
the main stages for vulcanizing, and the stage B4 is a 
stage for vulcanizing by means of the residual heat of 
the vulcanizing vessel 10 and no steam is introduced in 

45 this stage. Bach stage is provided with a means for 
passing steam of the relevant temperature and pressure 
(not illustrated), and for each stage the passing means 
is connected to the inlet port 11a and the exhaust port 
1 1b of the vulcanizing vessel 10 to pass steam. When 

so the vulcanizing vessels 1 0 containing the molding prod- 
ucts X and the molds 1 are conveyed to these stages 
with accurate time cycles, all the molding products X will 
be subjected to constant heating and pressurization, 
and in turn, appropriate vulcanization; molding products 

55 X of which vulcanization is completed will be trans- 
ported in sequence to the taking out stage C1 of Fig. 1 
(a). 

It is also one major feature of this vulcanizing appa- 
ratus that after the vulcanization, the molds 1 (and the 



5 



9 



EP0 743 153A1 



10 



molding products X) which were taken out of the vulcan- 
izing vessels 10 at the taking out stage C1 are loaded 
on the bases 2 at the stage C2 and transported in 
sequence to the cooling stages E1 and E2. The molding 
products X of which vulcanization is completed are reg- 
ularly transported together with the molds 1 in 
sequence to the cooling stages E1 and E2, and there 
water is passed through the molds 1 to effect forced 
cooling. In this way, the vulcanization of the molding 
products X is uniformly terminated at that time, and no 
vulcanization due to a residual heat in the mold 1, etc. 
will last for an indefinite period; thus the heat history can 
be accurately controlled and unified from the beginning 
of heating till cooling for each molding product X. 

In this vulcanizing apparatus, in particular, once a 
vulcanizing vessel 10 starts heating on the vulcanizing 
stage B1. even if molding on the molding stage A is 
interrupted and no new molding product X (and mold 1) 
is fed to the stage B1 after that, the.vulcanizing vessels 
.10 (including the molds 1 and the molding products X) 
on and beyond the vulcanizing stage B1 will be trans- 
ported forwards. The vulcanizing vessel 10 on the vul- 
canizing stage B1 and ail the vulcanizing vessels 10 
which have advanced beyond it to the vulcanizing 
stages B2, B3 and B4 will be put through the planned 
regular vulcanizing stages (see Fig. 3) and then trans- 
ported to the taking out stage C1 , then transported to 
the cooling stages E1 and E2 to be cooled there. If a 
vulcanizing vessel 10 stops for an indefinite period on 
any stage of the vulcanizing process, the heat history of 
the molding product X in the vulcanizing vessel 10 
would be differ greatly from the proper one, failing to 
assure the constant quality. 

For example, when molding, vulcanization, etc. are 
done under the normal operating conditions, and if the 
noon recess starts when the state of Fig. 1 (a) is 
reached, and the workers are away and no new molding 
products X are molded, this apparatus will regularly 
transport, by automatic operation, the respective molds 
1 and vulcanizing vessels 10 to give the required vul- 
canization and cooling to the respective molding prod- 
ucts X until the state of Fig. 1 (b) is reached. The state 
of Fig. 1 (b) is that all the molds 1 which began to 
receive on the vulcanizing stage B1 or beyond have 
passed the cooling stages E1 and E1 and have been 
cooled sufficiently (the last mold 1 will stop at the cool- 
ing stage E1 , but it may stay there; it will be cooled suf- 
ficiently with the passage of time). Hence, in this case, 
all the molding products X would receive a constant 
heat history. 

The mold 1 having the molding product X on the 
side thereof in an integrated manner is inserted into the 
vulcanizing vessel 10 as shown in Fig. 6, and after vul- 
canization it is taken out, and during insertion and 
removal, it is necessary to expand the inner diameter of 
the sleeve 12 of the vulcanizing vessel 10 to make a 
clearance between the mold 1 (the molding product X) 
and the sleeve 12. This operation is effected by sucking 
the air (or residual steam) out of the sleeve 12 by means 



of a vacuum pump, etc., and in this vulcanizing appara- 
tus, the means for connecting the vulcanizing vessel 10 
to said pump is simplified at the vulcanizing stage B1 as 
shown in Fig. 2. When the vulcanizing vessel 10 is 

5 shifted by the conveying means for vulcanization, the 
vacuum suction port 21 of the vacuum pump and the 
blocking plate 31 which prevents inflow of the fresh air 
will be automatically connected to the sleeve 12 of the 
vulcanizing vessel 10. 

10 Detailed description of this connection is as follows: 
First, on the side of the vulcanizing vessel 10, as shown 
in Fig. 2, connection blocks 14 and 15, which are to be 
connected to the steam inlet port 11a and the exhaust 
port 1 1b of the sleeve 12, respectively, are provided on 

15 the base 1 3, and the vent ports (not illustrated in the dia- 
gram) are provided on the outer sides (opposing sides) 
of the blocks 14 and 15. On the other hand, the vulcan- 
izing stage B1 is provided with a vacuum suction port 
21 , which is connected via a hose 22 to a vacuum pump 

20 and located via a spring 23 on the inner side of a fixing 
member 24, and with a blocking plate 31, which is rotat- 
able together with a fitting piece 32 around an axis 33 
(stores a spring so that it returns by itself to the position 
shown by the imaginary lines). When a vulcanizing ves- 

25 sel 10 comes from the top of the diagram to the vulcan- 
izing stage B1, the connection block 15 will contact the 
fitting piece 32 of the blocking plate 31 and turn them 
around the axis 33. and the vent port of the block 15 will 
be closed by the blocking plate 31 as shown by the full 

30 lines in the diagram, and on the other hand, the connec- 
tion block 1 4 will be pressed against the vacuum suction 
port 21 and the vent port thereof will be connected to 
the vacuum pump. Under this condition, rf the vacuum 
pump is operated, the sleeve 1 2 of the vulcanizing ves- 

35 sel 10 will shrink, and it will become easy to insert a 
mold 1 as shown in Fig. 6. After the mold 1 is inserted, 
when the vulcanizing vessel 10 is transported to the 
right of Fig. 2, the connection between the block 14 and 
the vacuum suction port 21 and the blocking of the block 

40 15 by the blocking plate 31 will be disconnected 
smoothly. 

Moreover, in this vulcanizing apparatus, the follow- - 
ing contrivance is provided for cases when molds 1 and 
vulcanizing vessels 10 need to be exchanged (die 

45 change) in response to a size change of a molding prod- 
uct X. First, a threaded hole 1 a is made oh the axial end 
of each mold 1 as shown in Fig. 6, and when the mold 1 
is used immediately before the exchange, according to 
an instruction given in the written production order, the 

so worker is made to install a protruding pin 1b in the hole. 
On the other hand, as shown in Fig. 1 (a), a limit switch 
40 is provided between the feed stage C2 for the bases 
2 and the cooling stage E1 to detect whether the pin 1b 
is present on a mold 1 being taken out of a vulcanizing 

55 vessel 10 and transferred. Since the molds 1 are kept in 
the upright position and transported horizontally 
between the stage C2 and the stage E1, this detection 
can be made reliably by providing a probe of the limit 
switch 40 at the level of the elevation of the pin 1b. 
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When the installation of the pin 1b is detected, the 
mold 1 and the corresponding vulcanizing vessel 10 will 
be exchanged. To make the exchange, first, the vulcan- 
izing vessel 1 0 is automatically conveyed from the stage 
C1 to the right of Fig. 1 (a) and transferred onto a cart 
46 and moved away, then, a vulcanizing vessel 10 to be 
used is transferred from a cart 47 onto the circulatory 
path D. With regard to the mold 1, when the cooling at 
the cooling stages E1 and E2, the separation of the 
molding product X at the mold separating stage F and 
the mold lubricant application at the mold lubricant 
application stage G are completed and the mold . 1 
comes to the standby stage H, an alarm will be given, 
and the mold 1 will be exchanged with another mold 1 
by using a cart 43. If the mold 1 and the vulcanizing ves- , 
sel 10 are exchanged in such a manner, no special con- 
trol devices will be required, and no complicated 
program inputs are required in advance, and the so- 
called line stop will not be required during the exchange. 
Moreover, as the orders of the mold 1 and the vulcaniz- 
ing vessel 10 to be exchanged do not change at all rel- 
ative to other molds 1 and other vulcanizing vessels 10, 
respectively, the following vulcanizing processes can 
proceed smoothly. 

Another embodiment of the present invention will 
be introduced in the following Fig. 4 and Fig. 5. This 
embodiment also relates to a system wherein molding 
products X being slabs for power transmission rubber 
belts are molded, vulcanized, cooled and recovered by 
the use of the cylindrical mold 1 and the vulcanizing 
vessel 10 shown in Fig. 6. 

Fig. 4 is an overall layput diagram of the vulcanizing 
apparatus of this embodiment, , etc. First, on the left of 
the diagram, a molding stage A for the molding process 
is provided, wherein a supporting machine 51 for molds 
1 and a feeding machine 52 for molding materials such 
as rubber sheet and canvas are provided, and to the 
right thereof, the following machines are arranged to 
perform similar functions to those of the above-men- 
tioned embodiment. Vulcanizing stages B1, B2, B3 and 
B4 for promoting the vulcanizing process in steps are 
arranged at the center, and from a mold taking out stage 
C1 next to them, extends a circulatory path D for the vul- 
canizing vessels 10 in one direction, and follow a feed- 
ing stage C2 of mold conveying bases 2, cooling stages 
E1 and E2, a mold separating stage F, a mold lubricant 
applying stage G and a standby stage H in the other 
direction, and both the sides meet at the vulcanizing 
stage B1 ; the apparatus is similar in functions to that of 
Fig. 1. Also in this apparatus of Fig. 4, the vulcanizing 
vessels 10 circulate in the upper half of the diagram 
counterclockwise, and the molds 1 and the molding 
products X are transported in the lower half of the dia- 
gram clockwise, and they are in one only in the vulcan- 
izing stages B1 through B4 at the center and they travel 
in sequence. 

As is dear from the diagram, this embodiment has 
a special feature in that the conveying paths of the vul- 
canizing stages B1 through B4 and beyond for the 



molds 1, etc. are all straight and the layout of the entire 
stages is rectangular. As the respective conveying 
paths are straight, belt conveyors are mainly used as 
conveying means for molds 1 and vulcanizing vessels 

5 10 between various stages. Belt conveyors are used for 
the conveying means for vulcanization 61 located 
between vulcanizing stages B1 ~ B4. the conveying 
means 62* between stages C1 and C2, the conveying 
means 63 and 64 for the circular path D, and the con- 
to veying means (not illustrated) beyond the cooling 
stages E1 and E2. Moreover, some conveying means 
are provided with a lifting mechanism (not illustrated) for 
assuring smooth transfer of the molds 1 and vulcanizing 
vessels 10 between conveyors. Mark 55 in the diagram 

75 denotes a transporter for conveying molds 1 from the 
mold separating stage F to a side close to the molding 
stage A. In addition to them, there is a crane for insert- 
ing or removing a mold 1 into or from a vulcanizing ves- 
sel 10, and carts are used for exchange of molds 1 and 

20 vulcanizing vessels 10; and these points are similar to 
the embodiment of Fig. 1 described above. 

In the apparatus of Fig. 4, while the respective vul- 
canizing vessels 10 are conveyed in sequence through 
the vulcanizing stages B1 through B4, the molds 1 and 

25 the molding products X are subjected to the heating and 

v the pressurization similar to those of Fig. 3 at the 
respective stages, and when one molding product X 
have passed all of these stages, the required vulcaniz- 
ing process of the molding product X is completed. To 

30 this end, each stage is provided with a means for pass- 
ing steam of the specified temperature and pressure 
(not illustrated), and just like the above-mentioned 
embodiment, for each stage the passing means is con- 
nected to the inlet port 11a and the exhaust port 11b 

35 (Fig. 6) of the vulcanizing vessel 10 to pass steam. 
When the molding products X together with the vulcan- 
izing vessels 1 0 and the molds 1 are conveyed to the 
vulcanizing stages B1 through B4 with accurate time 
cycles, all the molding products X will be subjected to 

40 appropriate vulcanization, then they will be carried in 
sequence to the taking out stage C1 . 

Moreover, just like the above-mentioned embodi- 
ment, the molds 1 and the molding products X are taken 
out of the vulcanizing vessels 10 at the taking out stage 

45 C1 and transported in sequence to the cooling stages 
E1 and E2, and there water is passed through the molds 
1 to effect forced cooling. 

Furthermore, once a vulcanizing vessel 10 starts 
heating on the vulcanizing stage B1, even if molding on 

so the molding stage A is interrupted and no new molding 
product X (a mold 1 ) is fed to the stage B1 after that, the 
vulcanizing vessels 10 (including the molds 1 and the 
molding products X) on and beyond the vulcanizing 
stage B1 will be transported forwards just as scheduled. 

55 In other words, all the vulcanizing vessel 10 that have 
started vulcanization, will always be put, together with 
the molds 1 and the molding products X therein, through 
the regular vulcanizing stages and then transported to 
the cooling stage E1. 
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Hence, for example, when molding, vulcanization, 
etc. are done under the normal operating conditions as 
shown in Fig. 5 (a), and if new molding products X are 
not molded anymore for some reason, this system will 
regularly transport, by automatic operation, the respec- 
tive molds 1 and vulcanizing vessels 10 to give the 
required vulcanization and cooling and, in turn, a con- 
stant heat history to the respective molding products X 
until the state of Fig. 5 (b) is reached. In Fig. 5 (a), as the 
vulcanizing vessel 10 on the stage B1 do not receive 
any new molding product X (or a mold 1 having the 
product X) and will not be conveyed, but other vulcaniz- 
ing vessels 10, which are on the stages B2 through B4 
and have started heating and/or pressurization for 
molding products X, will be transported to the respective 
positions shown in Fig. 5 (b) to give the planned vulcan- 
ization and cooling to their molding products X. This 
apparatus will stop only when it reaches the state of Fig. 
5(b). 

Furthermore, just like the above-mentioned embod- 
iment, this apparatus will be able to make more smooth 
handling of the molds 1 with the provision of the follow- 
ing configuration: The vulcanizing stage B1 and the 
mold taking out stage C1 are provided with a vacuum 
suction port and a blocking plate (see Fig. 2) that are 
automatically connected to the vulcanizing vessel 10. 
To detect the presence or absence of a protruding pin 1 
b (Fig. 6) to be installed on a mold 1 immediately before 
exchange, a limit switch or the like (see mark 40 of Fig. 
1 (a)) is provided before or after the cooling stage E1 . 

Potentials of Industrial Applications 

According to the vulcanizing method described in 
Claim 1 of the present invention, in succession to the 
vulcanizing process, the molding products are also reg- 
ularly transported to the cooling process, hence the 
method is effective in preventing overcure of the mold- 
ing products and in assuring a constant heat history 
from the beginning of vulcanization till the completion of 
cooling and in turn stabilizing the quality of the molding 
products. Moreover, the method is effective in improving 
the production efficiency of the molding products 
through regular flow operation. 

According to the vulcanizing method of Claim 2, 
any molding product which begin to receive heating is 
always transported down to the cooling stage to com- 
plete cooling, hence the method is capable of making a 
constant heat history for the molding products even 
when a rest period, etc. occurs during vulcanization, 
without asking the workers for extra work. 

According to the vulcanizing method of Claim 3, 
modifications of molds and vulcanizing vessels, if nec- 
essary, can be made reliably, simply and smoothly, with- 
out any use of expensive control devices or complicated 
program inputs. 

The vulcanizing apparatus of Claim 4 is capable of 
smoothly embodying the vulcanizing method of Claim 1 , 
and the molding products receive a constant heat his- 



tory by being regularly transported in sequence and in 
one direction to the respective vulcanizing stages and 
the cooling stage, and the molding products are recov- 
ered as ones having stable quality. 
5 According to the vulcanizing apparatus of Claim 5, 
insertion or removal of the mold into or from the vulcan- 
izing vessel can be made with ease, and it has merits 
such as the operating cost is low, maintenance is easy, 
and control troubles are few. 

10 

Claims 

1. A vulcanizing method comprising transporting 
molding products in sequence and in one direction 

15 through plural vulcanizing stages, which are 
derived by dividing the vulcanizing process accord- 
ing to the times elapsed, and in succession trans- 
porting the molding products to a cooling stage in 
sequence and in one direction to cool the motding 

20 products. 

2. A vulcanizing method described in Claim 1 wherein 
even when no new molding products are fed to the 
first vulcanizing stage, the molding products heated 

2$ in the vulcanizing stage and in the following vulcan- 
izing stages are transported as usual till they are 
cooled in the cooling stage. 

3. A vulcanizing method described in Claim 1 or Claim 
30 2 wherein 

cylindrical molding products are molded by 
using cylindrical molds and, together with the 
molds, put into cylindrical vulcanizing vessels, 
transported through the respective vulcanizing 
35 stages, and, together with the molds, taken out of 
the vulcanizing vessels, transported to the cooling 
stage and, after cooling, separated from the molds, 
and 

if it is necessary to change a mold and a vul- 
40 canizing vessel, a protruding pin is attached on the 
axial end of said mold during the use immediately 
before the exchange, and after the vulcanization, 
when the molds taken out of the vulcanizing ves- 
sels are transported, if the presence of the pin is 
45 detected, the mold after separation of the molding 
product and the corresponding vulcanizing vessel 
are exchanged. 

4. A vulcanizing system comprising plural vulcanizing 
so vessels, an inserting means for placing a molding 

product together with a mold in each vulcanizing 
vessel, plural vulcanizing stages arranged to feed a 
high-temperature fluid into each vulcanizing vessel, 
a conveying means for vulcanization which trans- 
55 ports the vulcanizing vessels in sequence and in 
one direction through these vulcanizing stages, a 
taking out means for taking the molding product 
together with the mold out of each vulcanizing ves- 
sel, a cooling stage for feeding a cooling medium 
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into each .moid taken out of a vulcanizing vessel, a 
conveying means for cooling which transports the 
molding products together with their molds in 
sequence and in one direction to the cooling stage, 
and a mold separating means for separating the 5 
molding product from the mold.. 

'A vulcanizing apparatus described in Claim 4 
wherein the vulcanizing vessel is provided with a 
bag which swells inwardly, when a high-tempera- 10 
ture gas is introduced, to contact the molding prod- 
uct on the surface of the mold, and with two vent 
ports connected to the bag, and near said inserting 
means or said taking out means a vacuum suction 
port and a blocking plate are provided to be 15 
pressed against and connected to said vent ports, 
respectively, as the vulcanizing vessel is shifted by 
the conveying means for vulcanization. 
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FIG. 6 
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